There are many experimental approaches, field investigations and numerical calculations for movements of woods in a clear water and debris flow. However, treatments and evaluations for accumulated logs and interactions between a main flow and logs are not fully developed. In mountainous torrents, the logs yielding from slopes and stream beds depend on the condition of previous and present forest stands. Mitigations for woods need to be conducted taking into account tree species such as conifer and broad-leaf trees and shapes such as root swells and crown. In the present study, we focus on the differences in specific weight of conifer and broad-leaf trees with some moisture in a sediment-water mixture flow with narrow flow width. Conifer and broad-leaf tree are considered as floating and submerged solid phase, respectively. Flume tests are conducted in steady flow of clear and debris flow over a rigid bed in order to evaluate flow characteristics of clear and debris flow with woods. Debris flow is specified as flow with clear water and sediment mixture layers on a rigid bed, whose slope is 0.045. Preliminary experimental data, which suggest that influences of specific weight on logs movements are significant, has been obtained to evaluate those experimental results such as movements of floating and submerged woods and multi-layer consisted of woods and debris flow. However, detail considerations and collections of flume data are needed based on flow characteristics such as spatial eddies structures in depth-scale, diffusion/dispersion of woods, momentum transfer induced interactions between logs and mixture flow and bed conditions.
INTRODUCTION
There are many experimental approaches [e.g., Adachi et al, 1957; Mizuhara et al., 1979; Takeuchi et al., 1985; Mizuyama et al., 1991; Nakagawa et al., 1992; Fujita et al., 1993; Braudrick et al., 1997; Shrestha et al., 2009] , field investigations [Major et al., 1986; Robinson et al., 1990; Bilby et al., 1991 , Abbe et al., 2003 and numerical calculations [e.g., Nakagawa et al., 1992; Shrestha et al., 2009] for movements of woods in a clear water and debris flow. However, treatments of accumulated logs and interactions between flows and logs are not fully developed. In Japan, there are several torrents where debris flow with woods took place and detail field investigations were conducted. For example, floods disasters with woods due to heavy rainfall took place around Kobe-City in Hyogo Pref. in Japan in 1938 and the records of occurrences of numerous debris flows with woods are reported in a document [e.g., Municipal government of Kobe City, 1939] . Figure 1 shows several longitudinal bed profiles in which wood debris disasters took place previously in Japan. Photo 1 shows an example of sediment and wood debris deposition in the residential area in Kobe-City, which is shown as location (A) with 1/20 in bed slope in Fig. 1 [Municipal government of Kobe City, 1939] . It is reported that average bed slope is around 5 degrees (= 1/11) at the top of fan in the short torrents with a length less than 2000 m according to the reports in Japan [Mizuyama et al., 1991] . In Fig. 1 , the inundation area and reach of wood debris deposition and formation such as deposition of logs (L) and logs dams (LD) are shown ( Fig. 1) . Maximum bed slope for logs deposition except formation of logs dams seems to be 1/20 (= 0.05) to 1/22 (=0.045).
In mountainous torrents, the yield of logs from slopes and stream beds depends on the condition of previous and present forest condition. Mitigations for woods need to be conducted taking into account tree species such as conifer and broad-leaf tree and shapes such as root swells and crown. It seems that there are few studies contrasting wood transport in clear-water flows and debris flows with variation in density of wood from conifers and broadleaf trees.
Recently, there are several numerical analyses by simulation focusing on movements and closeness of woods in rivers and slopes [e.g., in Japan, Shimizu et al., 2006; Harada et al., 2007; Makino et al., 2008] . However, the flow conditions by them are not our research subject investigation in the present study.
In present study, we focus on the differences in specific weight of fresh (green wood's) conifer and broad-leaf tree in a sediment-water mixture flow, supposing that conifer and broad-leaf tree are considered as floating and submerged, respectively. Flume tests were conducted in steady flow of clear and debris flow over a rigid bed. Herein, debris flow is consisted of clear water and sediment-water mixture layer, and the bed slope is 0.045. The movements of woods such as closeness and rotation of logs are reproduced and evaluated in a narrow flume.
FLUME TESTS

Experimental flume
Referring to previous documents for debris flow with woods, the flow width of channel prototype is specified as 10 to 15 m and flow regime is the clear water and debris flow with clear water layer with woods such as conifer, broadleaf tree and those mixtures. The reason is why influences of the differences in specific weight between conifer and broadleaf tree on flow structure need to be evaluated qualitatively and is why vertically and cross sectionally extreme movements of woods as seen in wide channel need to be avoided in this flume tests.
Photo 2 shows the experimental flume, which is 20.0 cm wide, 80.0 cm high and 10.0 m long. In the upstream reach, a debris flow with characteristics as required for tests can be produced by water and sediment supply. Water is steadily supplied in case of clear water flow. Sediment bed is set up smoothly by using a larger size sediment (5 mm) than the material of the supplied debris flow body, and the bed slope is 0.045 (= 2.58 deg.), which is adjusted to the equilibrium slope, corresponding to the sediment supply. [1991] . Experimental runs are shown in Table 1 . A uniform grain size, d 60 , of 0.183 cm is used to form the debris flow in all cases. Inflow sediment and water mixture discharge rate, q m , is set at a constant value at the upper boundary where dry sands are mixed with supply water to produce a required debris flow using sand feeder.
Experimental conditions
Flux sediment concentration, c f , of supplied debris flow is set at 0.012 by volume to maintain equilibrium sediment concentration for bed slope (0.045= 2.58 degrees) [Egashira et al, 1997] . Herein, flux sediment concentration, c f , is defined as c f = q s /q m , in which, q s is the sediment discharge rate in unit width.
Physical parameters of sediment are as follows: The mean value of the internal friction angle of sediment particles of d 60 = 0.183 cm, φ s , is 37.4 deg., specific weight is 2.63 and the volumetric sediment concentration in sediment deposition layer, c * , is 0.535. Three kinds of wood, which are conifer (C), broadleaf-tree (B) and mixed tree, were used for flume tests. Logs mixtures are set as C: B = 1: 0, C: B = 0: 1 and C: B =1: 1 where C: B is the ratio between conifers and broad-leaf trees in the numbers of logs. Wood debris of fresh wood (green wood) was modeled by plastic sticks with densities representing those of conifers and broad-leaf trees as shown in Table 2 . Polyethylene, in which specific weight is 0.952, is used for fresh conifer model, and Polymethyl methacrylate, in which specific weight is 1.20, is used for fresh broadleaf tree model. Log diameter (d d ) is 0.61 cm. The length of log, l d , was specified as 20 cm (See Photo 3). The values of fresh wood of specific weight of conifers and broadleaf trees were specified using the values examined by Yazawa [ , 1951 and documents [Forestry Research Institute, 1967] . A part of those values are shown in Table 3 . The ratio of flow width to log length in the experiments is set as unity. The number of supplying logs was set as 50, 300 and 500 representing a range of log yields to channel in a drainage area of 1 km 2 (Fig. 2) Several runs are performed in the same experimental condition in order to obtain reliable data. In all cases, sediment and water mixture discharge at the lower end of the flume were measured using bucket, flow depth without woods was measured using a point gauge at a fixed point 100 cm upstream from the lower end. Spatial and temporal changes of flow regime and runoff discharge rate of woods at the lower end were measured by recording the flow with digital video camera and analyzing the images. Incidence angle of driftwood to a main flow (deg.) Mizuhara (1979) Conifer, "C" Broad-leaf tree, 30  45  60  75  90  0  15  30  45  60  75  90  0  15  30  45  60  75  90  0  15  30  45  60  75  90 Incidence angle of driftwood to a main flow (deg.) Mizuhara (1979) Conifer, "C" Broad-leaf tree, 30  45  60  75  90  0  15  30  45  60  75  90  0  15  30  45  60  75  90  0  15  30  45  60  75 trapping rate of woods is calculated by the ratio of logs remaining in a channel for supplying logs [Mizuyama, 1991] . Table 6 shows the velocity of free surface and logs which are measured at the section of 2.0 m from downstream end. Conifers tend to have some ranges of flow angle to main flow and broadleaf trees tend to move along main flow, and those tendencies become remarkable in case of debris flow (Figs. 4, Photos 4) . In comparison to clear water flow, as surface velocity of debris flow is fast at the same bed slope, the tendency results in increasing rotational movements of conifers due to velocity gradient of sectional velocity distribution near free surface (Figs. 4, Photos 4 and Table 6 ).
INFLUENCES OF SPECIFIC WEIGHT ON MOVEMENTS OF WOODS
On the other hand, movements of broadleaf tree tend to maintain such that flow direction of logs is parallel to main flow direction, and the logs of broadleaf tree does not tend to be captured in a channel (Figs. 3, 4 and Photos 4). In case of clear water, the movements of broadleaf trees are affected by bed roughness and the range of the closeness of logs is wide due to effects of specific weight and bed roughness (Photos 4). In case of debris flows, the logs of submerged broadleaf tree are located on the debris flow (in other words, "the sediment and water mixture layer" or "interface"), and it seems that the flow nature on the interface prevents the logs from [logs]
[ratio]
[logs]
[logs] (Figs. 4, Photos 4) . In debris flow, conifers on the free surface become a kind of trigger of closeness of woods because of increase of rotational movements, while broadleaf trees tend to be parallel to main flow (Figs. 3, 4 and Photos 4). As a result, woods tend to be easily captured in a channel in case of debris flow. However, in case of conifer and broadleaf tree mixtures, trapping rate of logs in a debris flow is larger than that in clear water flow at a supply rate of 6 logs/s.. At a supply rate of 10 logs/s., trapping rate in debris flow becomes small. The multi-layers constituted of conifers, broad-leaf trees and sediment-water mixture flow are formed (e.g., Photos 5(f)). Interaction between conifers and broadleaf trees appears if more logs than some value of supplying rate of logs are given in a channel (Table 5 , Photos 5). Photo 6 shows an example of "multi-layer flow", which is formed due to densities differences of materials and which is constituted of floating conifers, submerged broad-leaf trees and debris flow. Those flow characteristics are modeled as shown in Fig. 6 before formation of logs dams.
Conifers tend to align at a range of flow angles to the main flow, and those are always floating logs. Broadleaf trees can pass through closeness of conifers, supposing that logs dam is formed in a channel as shown in Photos 5(f). In this case, occurrence of sudden destruction of a dam or broad-leaf trees and sediment runoff can take place, and the huge floods due to break of logs dam can be formed.
Sudden decreasing of runoff rate of logs at downstream reach depends on the formation log dams in a channel (Figs. 3, Photos 5 and Table 5 ). The formation of dams and closeness of logs do not depend on flow velocity but on the supply rate of logs and a mixture of conifers and broadleaf trees (Figs. 3, Photos 5 and Table 5 ), while those characteristics and physical mechanism need to be precisely clarified.
In addition, Mizuhara [1979] suggested the possibility of effects of specific weight of logs on the number of captured logs in a check dam based on the experimental data obtained in clear water flow. Present experimental data support his experimental results in case of clear water flow and debris flow.
According to those experimental data, influences of specific weight of wood on flow characteristics of mixture flow are significant and it seems to be quite important to take into account the differences of conifer and broadleaf tree for countermeasures against debris flows with woods. In addition, we will propose governing equation's sets and flow model for the multi-layers flow based on experimental data and flow patterns in order to estimate several kinds of debris flows constituted of logs, sediment and water.
CONCLUSIONS
The present study examined the flow characteristics of clear water and debris flow with clear water layer with woods focusing on specific weight of woods. The results obtained in present study are summarized as follows: 1. Conifers tend to align at a range of flow angles to the main flow and broad-leaf trees tend to parallel tp the main flow, and those tendencies become stronger in debris flows. Influences of specific weight of wood on flow characteristics of mixture flow are significant. 2. Multilayer flow of sediment, water, conifer and broadleaf tree are formed due to differences of specific weights and those interactions. In debris flows, conifers on the free surface aggregate because of an increase of rotational movements, though broadleaf trees tend to be parallel to main flow. Woods tend to be easily captured in a channel in case of debris flows. However, in case of conifer and broadleaf tree mixtures, trapping rate in debris flow becomes small when supplying rate is 10 logs/s.. Especially, it seems that the interaction between conifers and broadleaf trees appears at some supply rate of logs.
The jamming and closeness of woods does not seem to depend on velocity of flow. Detailed considerations and collection of flume data on flow characteristics such as spatial eddy structures, diffusion/dispersion of woods, momentum transfer induced by interactions of logs, mixture flow, and bed conditions are needed in order to evaluate those experimental data on movement of floating/ submerged woods and the formation of multilayer.
